Recent studies have shown that inhaled corticosteroids (ICS) can exert anti-inflammatory effects for chronic airway diseases, and several observational studies suggest that they play a role as cancer chemopreventive agents, particularly against lung cancer. We aimed to examine whether regular ICS use was associated with a reduced risk for future malignancy in patients with newly diagnosed adult-onset asthma.
Background
Inhaled corticosteroids (ICS) are regarded as the most effective topical anti-inflammatory drugs for treating chronic airway diseases, including asthma and chronic obstructive pulmonary disease (COPD). The mechanism of action of ICS is mainly attributed to their anti-inflammatory effects exerted on the bronchial lining cells. It has been demonstrated that ICS can exert their beneficial anti-inflammatory effects by inhibiting the synthesis of leukotriene C4 and prostaglandin D2 in the airway, reducing serum submit your manuscript | www.dovepress.com
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Kok et al surfactant protein D level, and significantly decreasing the proinflammatory bacterial lipopolysaccharide-induced interleukins (IL) such as IL-1 beta, IL-6, and IL-8, as well as tissue necrotic factor-alpha secretion. [1] [2] [3] [4] The initial suggestion for the property of cancer prevention by ICS came from an animal study that demonstrated that in female A/J mice, ICS could inhibit the formation of pulmonary adenomas. 5 Subsequently, a small, randomized, placebo-controlled, Phase IIb clinical study suggested that inhaled budesonide decreases the proportion of lung nodules in smokers with bronchial dysplasia as detected by spiral computerized tomography (P=0.024); 6 a second randomized, placebo-controlled, Phase IIb clinical study showed a trend toward regression of ground glass opacities. 6, 7 The cancer prevention property of ICS has been addressed in COPD populations in the following three clinical studies. A population-based cohort study on ICS for COPD revealed that there was a dose-dependent decreased risk of lung cancer associated with ICS (ICS dose 1,200 μg/day, the adjusted hazard ratio [aHR] was 1.3 with 95% confidence interval [CI] , 0.67-1.90; whereas, when ICS dose 1,200 μg/day, aHR was 0.39 with 95% CI, 0.16-0.96). 8 In a populationbased nested case-control study among COPD patients who had quit smoking, the multivariate aHR for lung cancer development was 0.64 (95% CI, 0.42-0.98) in ICS users compared with short-acting bronchodilator users; moreover, a dose-responsive relationship was observed. 9 In a proof-ofconcept randomized controlled study in a COPD cohort of 36 patients evaluating markers in epithelial-mesenchymal transition (EMT) in large airway samples, the active treatment arm with ICS had statistically significantly regressed some EMT biomarkers. 10 This pilot study provided suggestive support for an anti-EMT effect of ICS in the large airways in patients with COPD.
Likewise, there are at least two observational studies that assessed cancer prevention by ICS in asthmatic populations in literature. A population-based nested case-control study in adult Korean patients with ICS disclosed that the adjusted odds ratio (OR) for lung cancer was 0.79 with 95% CI, 0.69-0.90, whereas there was no statistically significant association of the risk for laryngeal cancer. 11 It should be noted that nearly 58% of the lung cancer cases included in this Korean study had COPD.
A substudy to assess the association of ICS use and future cancer death in female COPD-free asthmatics (n=2,671) in the Nurses' Health Study, a longitudinal observational study in the United States, demonstrated no decrease in the number of cancer deaths among ICS users (OR =0.66; 95% CI, 0.32-1.38). 12 The ORs for cancer death were adjusted for age, smoking, severity of asthma, heart disease, stroke, and medication, including aspirin and statin. The OR for death from cancer would have been significantly reduced if ICS use was associated with a significant reduction of lung cancer cases because lung cancer patients typically have a high mortality rate.
Adult-onset asthma differs from asthma originating from childhood in several respects. Adult-onset asthma mainly affects women and it is nonatopic. Patients with adult-onset asthma have a more severe disease, and tend to associate with a faster decline in lung function. 13, 14 Therefore, regular ICS use is mostly required in this group of patients.
We thus wanted to use a population-based retrospective cohort study design to examine whether regular use of ICS would offer beneficial effects in terms of a reduced risk for future occurrence of cancers, particularly lung cancer, in patients with adult-onset asthma. Unlike a nested case-control study design that is suitable for overcoming the time-varying nature of treatment, we approached this issue using a cohort study design with the proper person-time approach.
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Materials and methods
Data source
This study to examine the hypothesis that regular ICS use in patients with adult-onset asthma provides protective effects from future cancer development used a population-based retrospective cohort design with selected datasets derived from the National Health Insurance Research Database (NHIRD) provided to scientists in Taiwan for research purposes. The National Health Insurance program of Taiwan was established in 1995. As of 2007, more than 98% of the residents in Taiwan are enrolled into this single-payer program.
Combining data from the registration files and original claim data in the NHIRD, specific data subsets were constructed by the experts of the NHIRD for research purposes. This study utilized the Longitudinal Health Insurance Dataset 2000, which consists of one million randomly selected enrollees sampled from the Registry for Beneficiaries in the year 2000. This dataset was checked against the original NHIRD for accurate representation to confirm that there was no significant difference in the distribution of sex (chi-square =1.74, degrees of freedom =1, P=0.187) between individuals in the Longitudinal Health Insurance Dataset 2000 and the mother database, NHIRD. 20 The authors have previously performed several population-based cohort studies using data or datasets from the NHIRD. [21] [22] [23] This study was conducted after approval by the Kuang Tien General Hospital Institutional Review Board with a The study cohort consisted of regular ICS users. The patients identified as regular ICS users were those with an average of six or more prescriptions of ICS per year after the index date. The day of the first prescription of ICS was the index date. The immune time before the use of ICS was reallocated to the non-ICS group to overcome the immune (immortal) time bias. The remainder of the patients with adult-onset asthma, who received no ICS treatment throughout the follow-up period, were assembled as the comparator cohort (non-ICS user cohort). Studied patients could not cross over between groups once allocation to either ICS users group or non-ICS users group was determined (Figure 1 ).
Collection of data on comorbidities and treatment
Basic demographic data such as age, sex, and smokingrelated diagnosis as a surrogate for cigarette-smoking history were collected using ICD-9-CM codes 305.1, 491.0, 491.2, 492.8, 496, 523.6, 649.0, 989.84, and V15.82. The confounding medical comorbidities included in the study were allergic rhinitis, atopic dermatitis, rhinosinusitis, COPD, diabetes mellitus (DM), depression, gastroesophageal reflux disease (GERD), osteoporosis, hypertension, heart failure, dyslipidemia, arrhythmia, and ischemic heart disease, each of which has its own corresponding ICD-9-CM code/codes. In addition, the Charlson comorbidity index (CCI) was calculated for each patient in both groups. Baseline characteristics (comorbidities) for non-ICS users were looked for and determined in the preceding 1 year pre-index period.
The pre-index period used to define baseline characteristics for regular ICS users was the preceding 1 year before the initiation of ICS prescription. We excluded diabetes, myocardial infarction, and congestive heart failure from the CCI score calculation because these diseases/conditions were preplanned collected comorbidities. The CCI score from zero to above five can provide information on the severity of concurrent illnesses in a patient.
Three types of ICS were available in the region in the study period: beclomethasone dipropionate, budesonide, and fluticasone propionate. An average daily dose of an ICS as an equivalent dose of triamcinolone acetonide, based upon the estimated equipotent therapeutic index of the ICS for adults, was calculated by dividing the total number of micrograms by the number of days prescribed during the follow-up period. 24 Other asthmatic medications included for analyses in this study were long-acting bronchodilators, short-acting bronchodilators, leukotriene receptor antagonists, theophylline, and oral corticosteroids.
study end-points, outcome measures, and follow-up
Both groups of patients were followed up until the development of the first malignancy, death, or the end of the year in 2008, whichever came first. The outcome measure was the adjusted risk of incident malignancy using a multivariate hazard ratio in the Cox model. The cancers looked at in this cohort study were oral, lung, esophageal, gastric, urinary bladder, prostatic, colorectal, hepatic, non-melanocytic skin, nasopharyngeal, and female breast cancers.
statistical analyses
Person-year values were all calculated with the proper person-time approach to overcome the immortal time bias. An incidence rate ratio (IRR) (the ratio of two incidence rates for cancer development) comparing the exposed and nonexposed groups with person-time denominators along with a 95% CI was constructed by Poisson distribution and test-based methods. The Kaplan-Meier model was used to estimate various cancer-free proportions of ICS regular users and non-ICS users, and the log-rank test was carried out to compare the two curves. The two-sided alpha level of 0.05 was adopted. A Cox proportional hazards regression model was constructed to control for sex, age group, CCI group, all comorbidities mentioned earlier, smoking-related diagnoses, and all other asthma medications. Sensitivity analysis was conducted using a synergy index, calculated as: 
with HR A and HR B representing hazard ratios for two dichotomous factors, A and B, respectively, and HR AB representing the hazard ratio for future cancer development if factors A and B are present; when the synergy index is larger than 1, a synergistic interaction exists. The CI estimation of the interaction is estimated according to Hosmer and Lemeshow's method. 25 We used SAS statistical software version 9.2 for the statistical analyses. 
Results and discussion
The entire cohort of 24,175 cancer-free individuals with newly diagnosed adult-onset asthma from 2001 to 2008 was studied. The exposed group consisting of 2,117 regular users of ICS and the non-exposed comparator group of 17,732 non-ICS users were assembled from the cohort (Figure 1 ). After 7,365 person-years of follow-up (mean, 3.5 years; standard deviation 2.1), 130 incident cancers had occurred for the ICS users. In comparison, 1,064 incident cancers had occurred in the comparator group of non-ICS users after 73,789 person-years' follow-up (mean, 4.1 years; standard deviation 2.4).
The mean age of the patients in both groups was similar at approximately 53 years. There were more women than men with 50.31% females among the regular ICS users group and 54.27% in the non-ICS users group. Sixty-three percent and 43% were cigarette smokers in the ICS users group and non-ICS users group, respectively (Table 1) .
DM (approximately 18%), hypertension (40%), dyslipidemia (14%), and coronary heart disease (23%) were similar in both groups of patients. The proportion of depression was less than 2%, and that of osteoporosis approximately 3%; these were also quite similar between both groups. However, the regular ICS users group had higher proportions of allergic rhinitis (53% versus 35%) and COPD (58% versus 40%) ( Table 1) .
The unadjusted IRR for future cancer occurrence was significantly elevated in all regular ICS users as a whole with the IRR at 1.22 (95% CI, 1.02-1.47). In addition, IRR statistically increased in the age group of 60-79 years (IRR 1.27, 95% CI, 1.00- (Table S1) .
After controlling the differences in sex, age group, CCI score, all comorbidities, smoking-related diagnoses, and all Figure 2B shows that the Kaplan-Meier curves of lung cancer-specific cancerfree proportions in ICS regular users versus non-ICS users were statistically significantly different under the log-rank test with P=0.0035. An ICS dose-responsive relationship was examined by separating patients into two groups by the daily ICS dose at a cut-off of 1,500 μg/day and 2,000 μg/day, respectively. Both analyses showed no statistical significance when comparing ICS doses below or above these cut-offs ( Figure 2C and D) .
sensitivity analysis
Because 58.1% and 63% of the regular ICS users had COPD and smoking-related diagnoses, respectively, and these figures were obviously higher than those of non-ICS users, we decided to examine the synergistic interactions between the state of having regular ICS use and the presence of COPD comorbidity. Using ICS-negative and COPD-negative as the reference, the aHR for the group of regular ICS users who did not have COPD (ICS-positive, COPD-negative) did not reach statistically significant levels with aHR at 1.38 (95% CI, 0.53-3.56). Nevertheless, there was a statistically significant synergistic interaction of the concurrent presence of regular ICS use and COPD with aHR at 3.78 (95% CI, 2.10-6.81) ( Table 3) .
Discussion
Using a population-based cohort study design with proper person-time analysis to investigate whether the antiinflammatory effects of ICS might reduce the risk for future cancer, particularly in the lungs, the results of our study revealed no beneficial association between regular ICS use for adult-onset asthma and future malignancy development. The exposed group had 2,117 patients and the comparator group almost 18,000 patients. These are cohorts large enough for cancer epidemiological assessment. In addition to sex and age, the Cox model also controls for the CCI, smoking-related diagnostic group as a surrogate for the status of cigarette smoking, atopic dermatitis, COPD, DM, depression, GERD, dyslipidemia, other medical comorbidities, and asthma medications other than ICS such as long-acting bronchodilators, short-acting bronchodilators, leukotriene receptor antagonists, theophylline, and oral steroids. The immortal time bias was avoided by the preplanned proper person-time approach to reallocate the "immortal Table 2 Number of incident malignancies in each cohort and the adjusted hazard ratios with their 95% confidence interval for specific sites of cancer associated with regular iCs treatments using non-iCs users as the reference Notes: *P0.05. The hazard ratios were adjusted for Charlson comorbidity index, allergic rhinitis, atopic dermatitis, rhinosinusitis, diabetes mellitus, depression, gastroesophageal reflux disease, osteoporosis, hypertension, heart failure, dyslipidemia, arrhythmia, and ischemic heart disease. Synergy index is calculated as (HR aB −1)/ (hR a + hR B −2); when the synergy index is larger than 1, a synergistic interaction exists.
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Abbreviations: −ive, negative; +ive, positive; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; ICS, inhaled corticosteroids; si, synergy index.
time" before starting an ICS in the exposed group to the non-exposed group. There is no potential for selection bias because in this study, a patient with adult-onset asthma who was prescribed an ICS remained during the entire follow-up duration in the exposed group. In other words, no cross-over between the studied groups was allowed. Recall bias, commonly present in cohort studies adopting patient self-reported asthma, was not present in this study. This study applied very strict criteria of case ascertainment that excluded patients having less than three claims for asthma management per year before the study group was assembled. A recent study by South Korean colleagues using a population-based nested case-control study design showed that there was a protective effect against lung cancer but not 
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Kok et al laryngeal cancer with ICS use versus non-use with an adjusted OR at 0.86 (95% CI, 0.8-0.93). 11 The main differences between their study and ours were (aside from the difference in the study design) different target population (adult users of ICS in the Korean study were not limited to those with adult-onset asthma) and having no smoking-related diagnoses, DM, depression, and other medical comorbidities in the covariate adjustment in their model. In terms of the weight of evidence level, the evidence from a cohort study design is higher than a nested case-control study design.
In contrast to prior studies, our study demonstrates that ICS use in a subgroup of patients with concurrent COPD will raise the risk for lung cancer with an aHR at 3.78 (95% CI, 2.10-6.81) as compared with the subgroup of patients with concurrent COPD but with no ICS use (aHR 1.44, 95% CI 1.08-1.92). This result is unique because the results of previous observational studies pointed in the opposite direction. 8, 9 Therefore, the issue of whether ICS can prevent lung cancer or not still remains to be investigated.
How frequent is the coexistence of adult-onset asthma and COPD in an administrative database setting? In a retrospective population-based cohort study using Medicaid administrative data, Shaya el al reported that 46% of the asthma population carried a concomitant COPD diagnosis and thus the study gave a good estimate on the prevalence of coexisting asthma and COPD in the United States. 26, 27 Fairly similarly, our study using NHIRD data shows that rate of concomitant asthma-COPD disease is around 49% in the entire cohort of adult-onset asthma (Table 1) . Although misclassification bias is potentially present in any of the above administrative claims database research, the authors would regard it as the real world data.
This study also provides a glimpse into the characteristics of this cohort of adult-onset asthma. The mean age is approximately 53 years, females account for up to 54% of the patients, and there is a low frequency of atopic dermatitis, at approximately 6%. In literature, adult-onset asthma has female preponderance, decreasing incidence with older age, and more severe disease as compared with childhood-onset asthma. 13, 14, 28, 29 To suggest to our patients that the use of ICS may provide some protection against future lung cancer will create a false sense of security in patients with COPD, a well-known risk factor for lung cancer. Our study results have refuted the presence of any beneficial effects on cancer development; therefore, personalized management of patients with adult-onset asthma should avoid consideration of the prior use of ICS.
limitations of the study
There are some notable limitations of the study. Although a physician-diagnosed adult-onset asthma is better than a self-reported one, a wrongly given ICD-9-CM diagnosis can happen, theoretically, which may result in misclassification bias. In this cohort study, the authors did not consider the impact of the patients' socioeconomic status, family history of cancer, and occupational exposures, none of which are available in the dataset. Because of the de-identified nature of the dataset, individuals in the study cohort cannot be contacted, and thus, no attempts to obtain personal or questionnaire interviews were feasible.
Conclusion
Recent research suggests that ICS are active as chemopreventive agents for lung cancer. We conducted a populationbased cohort study on patients with adult-onset asthma with a proper person-time approach to determine whether ICS was beneficial. The present study demonstrates that there is no significant association between regular ICS use and future cancer development. However, this cohort study did not consider the patients' socioeconomic status, family history of cancer, and occupational exposures, which may potentially affect the risk estimates.
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Kok et al Incidence rate, per 1,000 PY. Values shown in bold are statistically significant. Abbreviations: CCI, Charlson comorbidity index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GERD, gastroesophageal reflux; ICS, inhaled corticosteroids; iRR, incidence rate ratio; laBa, long-acting beta 2 -agonists; lTRa, leukotriene receptor antagonists; OCs, oral corticosteroids; PY, person-years; saBa, inhaled short-acting beta 2 -agonists.
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